We have carried out a NLO analysis of the world data on polarized DIS in the M S scheme. We have studied two models of the parametrizations of the input parton densities, the first due to Brodsky, Burkhardt and Schmidt (BBS) which gives a simultaneous parametrization for both the polarized and unpolarized densities and in which the counting rules are strictly imposed, the second in which the input polarized densities are written in terms of the unpolarized ones in the generic form ∆q(x) = f (x)q(x) with f (x) some simple smooth function. In both cases a good fit to the polarized data is achieved. As expected the polarized data do not allow a precise determination of the polarized gluon density. Concerning the polarized sea-quark densities, these are fairly well determined in the BBS model because of the interplay of polarized and unpolarized data, whereas in the second model, where only the polarized data are relevant, the polarized sea-quark densities are largely undetermined.
Introduction.
Experiments on polarized deep inelastic scattering (DIS) were initiated at SLAC by the SLAC-Yale group [1] soon after the discovery of Bjorken scaling. Enormous impetus was given to the subject by the European Muon Collaboration (EMC) experiment at CERN [2] in 1988 whose results seemed to imply a "spin crisis in the parton model" [3] . Much theoretical and experimental work has followed and today there is a rich program of experiments under way (E154, E155 at SLAC; HERMES at HERA)or in the progress of being set up (COMPASS at CERN).
Experiments on unpolarized DIS provide information on the unpolarized quark densities q(x, Q 2 ) and gluon density G(x, Q 2 ) inside a nucleon. Polarized DIS experiments, using a longitudinally polarized target, give us more detailed information, namely the number densities of quarks q(x, Q 2 ) ± and gluons G(x, Q 2 ) ± whose helicity is respectively along or opposite to the helicity of the parent nucleon. The usual densities are
and the new information is then contained in the polarized structure function g 1 (x, Q 2 )
which is expressed in terms of the polarized parton densities
Two developments in the past few years have made it possible and worthwhile to attempt a detailed comparative study of the polarized parton distributions. On the one hand, a wealth of new data, much of it high quality, has appeared [4 -12] . On the other, the theoretical calculation of the Altarelli-Parisi splitting functions to two-loop order has been, after several hiccoughs, completed successfully [13] .
It would be wrong, however, to imagine that the polarized densities can now be determined to the same accuracy with which the unpolarized densities are known.
This can be understood quite simply. Up to the present the polarized data consist solely of fully inclusive neutral current (in effect, photon induced) reactions on protons and (via deuterium or Helium-3) on neutrons, i.e. one has information on the two polarized structure functions g p 1 (x, Q 2 ) and g n 1 (x, Q 2 ) . Even if one makes some simplifying assumptions about the polarized sea, e.g. ∆ū(x) = ∆d(x) = ∆s (x) or ∆ū(x) = ∆d(x) = 2∆s(x) one is still expressing two experimental functions in terms of four densities: ∆u(x, Q 2 ), ∆d(x, Q 2 ), ∆q(x, Q 2 ) and ∆G(x, Q 2 ). What is lacking here is the information from charged current reactions which plays an important role in pinning down the unpolarized densities. The situation is alleviated by the beautiful connection between the first moments of the polarized parton densities and weak interaction physics. Namely, one has the connection with neutron β -decay, via the Bjorken sum rule,
and, to the extent that flavour SU(3) is a good symmetry, the connection with hyperon β -decay
The values of g A /g V and 3F-D are taken from [14] g A /g V = 1.2573 ± 0.0028, 3F − D = 0.579 ± 0.025 .
Assuming a roughly flavour-independent polarized sea, allows one to interpret Eqs.
(3) and (4) as statements about the first moments of the polarized valence densities:
which immediately suggests that ∆d v (x, Q 2 ) is of opposite sign to ∆u v (x, Q 2 ) and of roughly comparable magnitude, in agreement with simple SU(6) models of the proton wave-function. Eqs. (3) and (4) are crucial supplements to the polarized DIS data.
In seeking input parametrizations of the polarized densities into the QCD evolution equations one must clearly respect the positivity of the number densities q(x, Q 2 0 ) ± , which via (1) and (2) is equivalent to demanding
There are, in addition, certain counting rules relating to the behaviour of ∆q(x)/q(x) as x → 0 and x → 1 , which follow in the parton model from perturbative QCD and the form of the infinite momentum frame nucleon wave function [15 -17] .
We have examined two classes of models for the input densities. The first, due to Brodsky, Burkardt and Schmidt [17] is unusual since it directly parameterizes q + (x, Q 2 ) and q − (x, Q 2 ) at some Q 2 = Q 2 0 (rather than ∆q(x, Q 2 0 ) and q(x, Q 2 0 ) ) so that the free parameters are determined from a simultaneous fit to the polarized and unpolarized data. Positivity is simple to implement and the counting rules are imposed exactly at Q 2 = Q 2 0 . In the second, each polarized parton distribution is written in the generic form
, with the usual densities q(x, Q 2 0 ) determined from the unpolarized data (in practice we utilize the MRS(A´) set of distributions [18] ).
The functions f (x) are parameterized so as to respect positivity but the counting rules are not imposed in a strict fashion.
Finally it should be remembered that beyond the leading order in perturbation theory the parton densities become scheme dependent. In this paper we work in the MS scheme.
In Section 2 we wish to draw the reader's attention to certain interesting qualitative features of the polarized DIS data. In Section 3 we explain the method of analysis and in Section 4 discuss the parametrization of the models and their properties. Our results are presented and analyzed in Section 5 and conclusions follow in Section 6.
Implications of qualitative features of the data
The structure functions g 1 (x, Q 2 ) . They can be expressed in terms of contributions ∆q 3 (x, Q 2 ), ∆q 8 (x, Q 2 ) and ∆Σ(x, Q 2 ) of definite flavour symmetry as
where the flavour non-singlet contributions are
and the singlet contribution is
The gluon contribution to g 1 (x, Q 2 ) is hidden in the O(α s ) correction terms in (9) and a more precise expression will be given in Eq. (18) .
One sees then that the difference g
is a purely non-singlet, whereas the sum g
is a mixture of singlet and non-singlet contributions.
Now according either to the small-x behaviour of the evolution equations [19] or to the summation of double logarithmic terms at small x [20] , the singlet contribution should dominate over the non-singlet terms as x → 0 , which, by the above, could
at small x. The data (see Fig. 1 ) show precisely the opposite trend. However, while the theoretical arguments predict the form of the behaviour as x → 0 , namely C ns x −ans or C s x −as with a s > a ns > 0, the values of the coefficients C ns , C s are sensitive to the structure of the parton distributions at
. So there need not be a contradiction at presently measured x-values. However, as experiments probe smaller and smaller x, there ought to be a dramatic change in the trend of the data or else the theoretical arguments are incomplete.
On a practical level concerning the present data, the behaviour in Fig. 1 can lead to difficulties when one makes, as one is forced to do, some simplifying assumption for the polarized sea, such as ∆ū(x,
2 ) in (10) practically depends only on valence distributions and in some cases one finds that the best-fit parameters tend to make ∆d v (x, Q 2 ) so large and negative at small x that positivity is violated.
Method of analysis
Measurements of polarized deep inelastic lepton nucleon scattering yield direct information on the virtual photon-nucleon asymmetry A N 1 (x, Q 2 ) . Neglecting as usual the subdominant contributions, A N 1 (x, Q 2 ) can be expressed via the polarized struc-
where
and
are the unpolarized structure functions.
Usually the theoretical analysis of the data is presented in terms of g
extracted from the measured values of A N 1 (x, Q 2 ) according to (13) In our analysis we follow the approach first used in [23] , in which the next-to-leading most of the small x data points are at low Q 2 , a lower than usual cut is needed ( Q 2 > 1 GeV 2 ) in order to have enough data for a theoretical analysis. We consider that in this approach such a low Q 2 -cut is more reasonable.
In NLO approximation
In (15) N = p, n and d = (p + n)/2 .
To calculate g N 1 (x, Q 2 ) and 2xF
we have used the analytic NLO solutions for the moments in Mellin space with the nth moment being defined by
In NLO approximation with n f = 3 active flavours the moments (16) of the structure function g N 1 (x, Q 2 ) can be written in the form [24] :
where ∆q 3 , ∆q 8 and ∆Σ are the moments of the flavour non-singlet and singlet
combinations (10), (11) and (12), respectively, while G(n, Q 2 ) denotes the moments of the gluon density G(x, Q 2 ). The subscript "LO" in (18) means that the moments of the corresponding densities satisfy the LO Q 2 -evolution equations, in which for the strong coupling constant α s (Q 2 ) the NLO approximation
is taken. In (19) for the probability of the deuteron to be in D-state we have taken
01, which covers most of the published values [25] .
All quantities -the anomalous dimensions δγ n ij up to two-loop approximation and the moments of the coefficient functions δC q n and δC G n in one-loop approximation needed to derive the analytic "LO" and NLO solutions for the moments of the parton densities, can be found, for instance, in [23] .
Unlike paper [23] where the expressions for the moments of g 1 and 2xF 1 are numerically Mellin-inverted to yield the structure functions in Bjorken x-space, we follow a method [26, 27] which presents the structure functions analytically. Having the NLO Q 2 -evolution of the moments (18) and (19) we can write the structure function
where Θ αβ n (x) is a set of Jacobi polynomials and c 
N max , α and β have to be chosen so as to achieve the fastest convergence of the series on the R.H.S. of Eq. (21) and to reconstruct xg 1 with the required accuracy.
We use α = 0.7 , β = 3.0 and N max = 8 . These values guarantee an accuracy better than 2.5% in the experimental x range: 0.01 ≤ x < 0.8 and better than 5%
for smaller x.
The same method has been applied to calculate the unpolarized structure functions 2xF N 1 (x, Q 2 ) N LO from their moments (17) . Following the results of Ref. [27] we use for the quantities N max , α and β in this case:
in order to guarantee an accuracy better than 10 −3 in the x range mentioned above.
In the present calculations of 2xF 1 the MRS(A´) parametrization for the input unpolarized parton densities has been used.
As already mentioned in the introduction all calculations are performed in MS scheme. In this scheme the first moment of the Wilson coefficient function δC
(twice the total helicity) carried by the quarks in the nucleon. In the present study we use the MS scheme because of our choice of the input parton distributions (see, Eqs.
(31) and (35)). A NLO analysis of the polarized DIS data in a renormalization scheme, which allows for an anomalous gluonic contribution ∆G(1, Q 2 ) to the Ellis-Jaffe sum rule [28] is presented in [29] .
The value of Λ M S is taken to be Λ M S (n f = 3) = 284 MeV. This value corresponds to Λ M S (n f = 4) = 231 MeV [18] according to the requirement α s be continuous
is assumed to be negligible at present energies [30] and will not be considered in our analysis.
The last step before fitting the theoretical predictions for A 1 (x, Q 2 ) to the data is to choose the input polarized parton densities at some fixed value of Q 2 = Q 2 0 , evolve them to Q 2 and then put them into (21).
Models for the input parton distributions
We have studies two classes of models:
(a) the model of Brodsky, Burkardt and Schmidt (BBS) [17] , which directly parameterizes the parton densities q ± (x) and which respects the perturbative QCD counting rules exactly (b) an example of parametrization of the form ∆q(x) = f (x)q(x) where q(x) are the unpolarized parton densities of Martin, Roberts and Stirling MRS(A´) [18] and in which the counting rules are somewhat relaxed.
(a) The BBS counting rule model
It is well known that the valence Fock states with the minimum numbers of constituents dominate in determining the behaviour of the unpolarized valence distribu-
in the region x → 1 and this leads [31] , via perturbative QCD, to the prediction
The same arguments applied to the polarized case suggest [15, 17] that
implying, via (23) , that
Simple perturbative arguments based upon the splitting functions for q → qG and G →can then be used to predict the behaviour of the gluon and sea densities generated from the valence quarks in the region x → 1 , namely [16, 17] 
andq
Unfortunately these simple sum rules are not compatible with the evolution equations. If they hold at some Q 
somewhat at variance with (23) Concerning the behaviour as x → 0, perturbative arguments based on the splitting functions predict [17] that the gluons and antiquarks
This behaviour is consistent with Regge-type arguments.
For the gluons BBS use wave-function arguments to suggest that the const in (29) is approximately equal to 1 and their gluon density automatically satisfies this constraint.
For the sea the const is determined by the fit to the data.
In the original BBS paper [17] an analysis of the polarized data then available and a fit to the MRS(D0´) parametrization of the unpolarized data were performed, but without taking account of the corrections from QCD evolution. As on the one hand, there is now much more polarized data available, especially at smaller x, and the MRS(D0´) The input helicity-dependent parton densities at Q 2 0 in the BBS model have the following form:
while the unpolarized parton densities at Q 2 0 are given as
The constraints
are imposed on the constants A q , B q , C q and D q in (30) and (31) in order to ensure the convergence of the helicity-dependent sum rules (3) and (4). Thus in the BBS model the Regge behaviour of the polarized quark densities ∆q ∼ x −α R is automatically one unit less than the unpolarized intercept α q : α R = α q − 1. Isospin symmetry at low x requires
If in addition to (32) and (33) the helicity-dependent sum rules (3) and (4) and the energy-momentum sum rule for the unpolarized densities (31) are taken into account, the number of the unknown parameters associated with the input polarized densities is reduced to N = 16 − 7 = 9. These free parameters -we have chosen
are determined by a simultaneous fit of the theoretical predictions (15) 
(b) Models based on the unpolarized parton densities
We have also analyzed the polarized DIS data using the following expressions for the input polarized parton distributions at Q 2 0 (35) is ignored in our analysis.
In this approach, the first moments of the valence quark densities η u and η d are obtained directly from the sum rules (6) and (7) η u = 0.918,
The first moment of the polarized sea η s is fixed from the measured value of Γ 1 .
More details are discussed in the next section. The rest of the parameters
have to be determined from the fit to the A
Finally it should be noted that using a set of polarized parton densities like (35),
) and ∆q(x, Q 2 0 ) will turn out to be negative in the whole x region in contrast to the BBS model where these quantities become positive at large x.
Results of Analysis
In this section we present the results of our fits to the world A N 1 (x, Q 2 ) data: EMC proton data [2] , SLAC E142 neutron data [4] , SLAC E143 proton and deuteron data [5 -7] , SMC proton data [9] and the SMC deuteron data [12] which are combined data from the 1992 [10] , 1994 [11] and 1995 runs. The data used (203 experimental points) cover the following kinematic region:
We have chosen Q 
and ∆Σ = a 0 = 0.342 .
These values yield for the quantity Γ
which are in a good agreement with their experimental values
The experimental values of Γ 
is also in a good agreement with its experimental value a 0 (5 GeV 2 ) = 0.29 ± 0.06 recently determined [9] from the combined analysis of all proton, neutron and deuteron data.
We obtain for the small x behaviour of the input sea quark and gluon distributions
This result confirms that of Gehrmann and Stirling [32] who used in their NLO analysis the same renormalization scheme and the same Q It is well known that in the unpolarized case the gluon distribution can not be well determined by the fit to the data on nucleon structure functions alone. The situation in the polarized DIS is even worse. In particular, the fact that the parameter B g in (40) is not well determined reflects this uncertainty in the extraction of ∆G(x, Q 2 ) from the data. We obtain for the first moment of ∆G(x, Q 2 ) : ∆G 1 (4 GeV 2 ) = 0.447 , which does not coincide with the mean values of this quantity given in most of the theoretical analyses. This result for ∆G 1 (Q 2 0 ) is not surprising. It should be noted that in the BBS model one can show that ∆G 1 (Q 2 0 ) is constrained by
where G 2 (Q Let us continue now with discussion of our results of the fit to the data using for the input polarized parton densities the set (35). Such a set of input partons had been used in [23] , but starting at very small Q Unlike the BBS model the data do not allow to determine η s , the first moment of the polarized sea, in proper way if the parametrization (35) is used. In order words, if η s is taken to be a free parameter, its value determined from the fit to A
data, does not agree with the experimental value of η s /3 = −0.10 ± 0.02 [9] . That is why we fix η s from the measured value of Γ p 1 (5 GeV 2 ) = 0.141 ± 0.011 to be
As already mentioned above it is impossible to determine accurately the form of the polarized gluon density from these data alone and therefore additional constraints have to be applied to the gluonic input parameters. As in [32] we have used the assumption a g = a s which defines the behaviour of ∆G(x, Q 2 ) at small x. It turns out that even in that case it is not possible to determine by the fit the value of the parameter b g in The results of the fit to A N 1 (x, Q 2 ) data are presented in Table 1 . Table 1 . The results of the NLO QCD fit to the world A N 1 data using the set (35) for the input polarized partons ( a d = 0). We have found also that values for η g smaller than 1, and even a small negative value η g = −0.14 ± 0.26 corresponding to b g = 0 , are not excluded by the data. In the last case, however,
and positivity is violated in the large x region: x > 0.88.
In for the input polarized parton densities. The difference for x(∆d + ∆d) at large x is a consequence of the fact that the BBS distributions are forced to satisfy (25) as x → 1.
Conclusion
We have performed a next-to leading order QCD analysis (MS scheme) of the world data on polarized deep inelastic lepton-nucleon scattering. The QCD predictions have been confronted with the directly measured virtual photon-nucleon asymmetry
2 ) rather than with the polarized structure function g The present polarized data do not allow a precise determination of the shape of the polarized gluon density. It follows from our fits that values of ∆G 1 (4 GeV 2 ) , the first moment of the polarized gluon density, both greater and smaller than 1, are possible.
Negative values of ∆G 1 are not excluded either.
Despite the great progress of the past few years it is clear that in order to test precisely the spin properties of QCD more accurate DIS polarized data at fixed x and various Q 2 are needed. In addition, charged current data will be very important for a precise determination of the polarized parton densities and especially, for a precise flavour decomposition of the polarized quark sea. Finally, a direct measurement of ∆G(x, Q 2 ) in processes such as J/ψ production in lepton-hadron scattering with a polarized beam will answer the important question about the magnitude and the sign of ∆G 1 . 
